An instrument concept of a reflectometer with a vertical sample geometry fitted to the long pulse structure of a spallation source, called "VERITAS" at the ESS, is presented. It focuses on designing a reflectometer with high intensity at the lowest possible background following the users´ demand to investigate thin layers or interfacial areas in the sub-nanometer length scale. The high intensity approach of the vertical reflectometer fits very well to the long pulse structure of the ESS. Its main goal is to deliver as much usable intensity as possible at the sample position and be able to access a reflectivity range of 8 orders of magnitude and more. The concept assures that the reflectivity measurements can be performed in its best way to maximize the flux delivered to the sample. The reflectometer is optimized for studies of (magnetic) layers having thicknesses down to 5Å and a surface area of 1x1cm 2 . With reflectivity measurements the depth-resolved, laterally averaged chemical and magnetic profile can be investigated. By using polarised neutrons, additional vector information on the in-plane magnetic correlations (off-specular scattering at the μm length scale, GISANS at the nm length scale) can be studied. The full polarisation analysis could be used for soft matter samples to correct for incoherent scattering which is presently limiting neutron reflectivity studies to a reflectivity range on the order of 10 -6 .
Introduction
The European Spallation Source (ESS) will provide neutron pulses with a width of τ=2.84ms and a repetition rate of 14Hz. Though the average flux at the ESS (with its TDR moderator) will be practically equal to the one at the ILL, the time structure of the neutron beam allows for a drastic gain in intensity for time-of-flight instruments due to the 25 times higher peak intensity of the ESS [1]. The natural resolution of the instrument using the full pulse width is τ/L and defined by the choice of the instrument length L. On the other hand, the artificial narrowing of the pulse width by pulse shaping choppers allows to increase the resolution at the cost of intensity. This opens an exciting opportunity to design a next-generation reflectometer to meet the increasing demand and anticipated scientific challenges. The research topics that will benefit from this reflectometer comprises a wide range of scientific disciplines, ranging from thin film magnetism and novel topological phases in confined geometries, the functionality and properties of hybrid materials in the field of soft and hard matter to the structural biology of membrane proteins. Though the proposed vertical sample geometry excludes the examination of liquid-liquid or liquid-gas interfaces, it nevertheless provides sufficient advantages for soft matter samples that do not require such interfaces and can be measured on the vertical reflectometer with the appropriate sample environment without compromises. Full polarisation analysis will allow measurements of those sample types that were not possible before by making it possible to correct for incoherent background.
The instrument concept presented here, called "VERITAS" the ESS, focuses on designing a reflectometer with high intensity and low background following the high demand of the users to investigate thin layers or interfaces in the sub-nanometer length scale. The high intensity approach of the vertical reflectometer fits very well to the long pulse structure of the ESS. Its main goal is to deliver as much usable intensity as possible to the sample position and be able to access a reflectivity range of 8 orders of magnitude and more.
The concept assures that the reflectivity measurements can be performed in its best way to maximize the flux delivered to the sample. The reflectometer is optimized for studies of (magnetic) layers having thicknesses down to 5Å and a surface area of 1x1cm 2 . With reflectivity measurements the depth-resolved, laterally averaged chemical and magnetic profile can be investigated. By using polarised neutrons, additional vector information on the in-plane magnetic correlations (off-specular scattering at the μm length scale, GISANS at the nm length scale) can be studied.
The instrument will furthermore be capable to work with a higher wavelength resolution down to 1%. Depending on the operational mode of the instrument, different detector configurations will be used. The detector area will be highly configurable and optimised for the different needs of the specular, off-specular and GISANS-modes.
The design of the vertical reflectometer is based on well-tested components that will be very robust and bear no unpredictable risks for a reliable operation.
General philosophy: relaxed Q-resolution machine
The proposed instrument is primarily designed for the investigations of thin interfaces from several nm down to the sub nm range. The main goal is therefore to deliver as much usable intensity as possible at the sample position to be able to access a reflectivity range of 8 orders of magnitude and more. Fig. 1 shows the specular reflectivity curves simulated for a thin Fe-layer for a perfect and relaxed Qresolutions, respectively. Comparing the two cases it can be noticed that only the minima of the interference pattern are slightly smeared out in the latter case, thus the resolution for the measurement can be drastically relaxed for thin interfacial structures without any loss of information. With a relaxed resolution the neutron intensity on the sample is increased to obtain a detectable signal from an extremely small amount of the scattering material of a thin layer, particularly if it is required to measure the reflectivity up to high Q values. The p limits on both dire
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Neutron guide design:
The instrument guide is S-shaped and made of two curved neutron guides (R=400m) with a 7m long straight neutron guide at the inflection point (see Fig. 2 ). The use of the S-shaped neutron guide prevents the direct line-of-sight of the primary and secondary radiation sources. The movable parts (choppers, polariser changer, etc.) are positioned downstream of the neutron beam beyond the biological shielding and thus can be freely accessed during the operation of the ESS. The basic guide parameters are listed in Table 1 . The neutron guide width of 30mm is chosen to allow the complete filling of the phase space of the guide for a moderator width of 10cm. To increase the incident neutron intensity for reflectivity measurements on small samples, the incident neutron beam is focused along the vertical direction onto the sample using a focusing elliptical neutron guide. A comparison of the intensities at the sample position (for a sample size of 1x1 cm 2 ) of such a setup to a straight guide with a cross section of 3 x 12 cm 2 and mirrors with m=2 coating shows a clear increase in the beam intensity by at least a factor of 4 for the elliptical focusing option (see Fig. 3 ).
An elliptical guide (see Table 1 for the shape) with the same length and m=3 coating for the last 4m will be used. 
Chopper design:
The time-distance diagram for the low resolution mode is shown in Fig. 4a . The first chopper at 13m is the band selection chopper selecting an 8Å broad wavelength band. The band from 2 to 10Å will provide the highest intensity. The wavelength band can be selected arbitrarily in a range between 2 and 32Å. This is important in the case one wants to adjust the reciprocal space to a specific scientific question, e.g. separating the off-specular scattering signal from the direct beam or in the GISANS mode for separating reflections from each other. The additional choppers ( (2) 
Polarization option:
In the polarized mode, the central 2m long piece of the guide (see Fig.2 ) will be replaced by another one equipped with a polarizing cavity which is built upon thin, 0.3mm thick, Si wafers coated with m=5 Fe/Si supermirrors working in transmission [2] . This solution leads to high values of neutron beam polarization (see Fig. 7 ) with small intensity losses over the whole wavelength band and allows practically for instant-switch between polarizing and non-polarizing operation modes without affecting the overall beam propagation. Even higher polarization of the neutron beam of more than 99% can be achieved using an optional 3 He neutron spin filter with a wide band neutron adiabatic RF-flipper, resulting in a drop of the beam intensity of about 25%. It should be noted that all sections after the polarizer will be coated by non-magnetic supermirrors. 
Kinetic mode:
For kinetic measurements it is desirable to cover a large Q-range for a single angular setting to allow measuring of the kinetic processes on time scales of one second and less. The design of VERITAS enables one to extend the Q range beyond the ratio of Qmax/Qmin≈5 in the basic chopper mode by 
